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I NTRODLJCT1 ON

TOPEX/POSEIDON, a joint prc]ject bctwee]l the LJnit. ed States and
France, is the first space mi ssion specifically designed to study
ci rcul at ion of the world ‘ s oceans and i s provi di ng oceanographers
with the first truly global observing system. Remote sensing of
the oceans by satellite provides ciata that is dense, timely, and
very precise. ~’his collaborative effort of the NaLional
Aeronautics and Space Administration (NASA) a]icl the Centre
National d’ Etudes Spa Liales (CNES) has resulted in revolutionary
sea level measurements that a:re ac:curate to wit.liin a few
centimeters over thc>usands of kilcm]eters  of open ocean. The
large-scale pattern of global circulation is bc~jng mapped on a
routine basis for the f irst Lime, allowing prec; i:; e determination
c>f t,he seasonal changes of the oceans, as well as t racking the
development of the El Niiio conditic>n that affec:t. f; weather
worl dwi de . TOPHX/POSEII)ON  is managed by the Jet. Prc>pulsion
I,aboratory  for NASA.

CIJIMATE AND THE OCHANS

More than two-thirds of Earth, the blue planet, is covered by
water . The movement of water over ocean basins has a direct
effect on the EarLh’s climate. Oceans :ire the major reservoir of
heat on our planet and oc:ean circulatio]l is the primary means of
redistributing that heat around the glol)e. More than one-half of
the heat transported between the equate]- and Lhe poles is carried
by the oceans, the remainder is carried by tile atmosphere.
Because water is 900 times more dense tl]an air, c)ceans are the
thermal memory of t.hc climate system. ?’he enormous heat, capacity
of the oceans and the. transport_. of this heat aroLInci t_he world
greatly reduces the large ternperat,ures differences that would
otherwise occur throughout the world. ‘J’o help understand how Lhe
oceans regulate our climate, we must uncierstand  g]c)bal ocean
circulation. The extent LO which the oceans moderate our c]imat.e
is determined primarily by the heat. Lhat is carrjcd around the
world by ocean currents.

1’HH TOPEX/POSIIIDON  MISSION

Until recently very ~itt.le was known abc)ut g]c)bal ocean
circulation. in the past, buoys a]ld shjps were the source of
most ocean current data and these data were sparse in time and
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space . Ship data came rnc)stly from vess[] s travel ing t-he
commerci al shi ppi ng 1 ants and buoy data from alclng the
coastlines. This information was insuf~icient t-c) allow an
adequate understanding of global ocean (irculat-ic)n.  Remote
sensing of the oceans from space was Lh[ answer tc] providing
meaningful , robust- data. Measuring the topography of the sea
surface is the key tc) unciersta.nding  Oc”e:in circulation. The
dynamic topography of- the oceans is dir[ctly related to the speed
and direction of the currents. With a [lleasureme~lt.  of sea-level
being Laken every second of the mi SSiOn, more information
regarding global. circxrlat.ion is being a(:quirecl every 10 days than
has been during the previous 100 years.

The TO1’13X/POSEIDON satellite was launch[!d August 10, 1.992 by an
Ariane 4 rocket from the European Space Agency’s Guiana Space
Center in French Guiana, South America. Almost three years of
data has been collected. ‘1’OPEX/POSEIDON has becri very successful
in meeting i~s objective of gathexing d<ita Lo help determine how
ocean circulation affects the I?artll’s c1 irnat.e.

The saLelliLe is in a circular c)rbit around the };arth at an
altitude of 1336 km with an inclination of 66 clegrces to the
equator and orbits the Earth onc;e every 112 mi~]ut.es. It. maps 95%
of the ice-free oceans every 1.0 days, aL which time i~ returns t.o
within one kilomet_cr of the same locatjon on Rar(h and begins
another 10 day cycle. A measurement of the absc)lute sea level
relative to the center-of-mass of the Earth is c)})t.ained once
every second with ,an accuracy of about 4 centinwt.crs.
‘1’0P13X/POSEJDON  provides the best available sna])shot. of global
ocean topography.

The satellite, weighing nearly 2500K9, is 5.5 meters long and 2.8
meters wide. An 8.9 meter by 3.3 meter solar panel supplies the
a]most 1000 watts required to power the satcllit.e. The satellite
bus and four of the six instruments were prc~vided by NASA. CNES
suppl.i.ed the other two instrumenLf: and the Ariane launch. T’wo of
the instruments are radar alt-.imetcrs  which measure the distance
between the sat-ellite and the ocean surface, a NASA two-frequency
altimeter and a CNES single frequency altimeter. The C-band
frequency on the NASA altimeter measures the ionosphere to
correct for its delaying effect. upon the rounclt.rip--light-t,irne  of
the primary Ku-band frequency. !l’}~e CNl+S al.t.imctcr also operates
at Ku-band and data from the CNES doppler tracking receiver is
used t.o correct for the effect-s of the ionosphere. A microwave
radiometer measures the atmospheric water vapor to correct for
its effect on the path delay c~f the altimeter measurements. The
remaining three instruments prc)vide data to determine the
position of the satellite in relationship to t.hc center of the
Earth. These are a NASA Global. Posit.ic)ning System receiver, NASA
laser beam reflectors, and a CNl+.~ doppler tracking receiver.
The radars measure the distance bctwee]j the satellite and the
ocean surface. The satellite’s c)rbit. and precise position from
Lhe Eart,h’s center is also determined. The c]ifference of these



two measurements is Lhe sea level as rneasurecl  frcllil the cent_er of
the Earth.

The exceptional quality c}f the TOPEX/PO[~EIDON  daLa has provided
oceanographers the basis for a significant advance in ocean
circulation knowledge and its effects o]) clinlate variability and
seasonal forecasting. Mc)re than 1.00 scientists from 9 countries
use the TOPEX/POSIZIDON  data to prc~duce <llobal maps showing
seasonal variations in sea level, the direction and speed of
currents, and the locatic)n of swirls c>f water currents that are
called ocean eddies. A whirlpool. is c>n( type of eddy. The
average seasonal sea level change in the Northern Hemisphere is
about twice as large as in the Southern Hemisphere. ~’his is
partly due to the larger oceanic areas in the Southern
Hemisphere, which moderate the seasonal changes.

A three millimeter per year increase j.n the average global sea
level has been measured by TOPEX/POSEIDCjN  and may provide
corroborating evidence of global warmi.n<?. This increase is in
general agreement with tide gauge data c~btaincd c)ver the last
century and is roughly equivalent to t:hf rate expected from
global warming. l’hese results are preljrninary and could reflect
a short-term variation rather than the long-term increase
expected from global warming.

l’OPHX/POSEIDON  detected an increase in ::ea level in Lhe Pacific
which allowed oceanographers t.o fc)llow the 1992-93 El Nino event..
E] Nino begins when warm water builds u~~ in the equatorial
Pacific and moves eastward toward the coast c)f the Americas. It
can bring devastating weather to several global regions,
including heavy rains and flooding to California, colder than
normal winters across the United Stat-es, and severe droughts and
dust storms to Australia. Although oceanographers can not
predict when an El Nino will occur, the TOPEX/POSP;IDON  data can
give several months warning before the actual onset of a new
cycle.

In the Gulf of Mexico, TC)PEX/POSEIDON  i~: helping scientists and
oil companies study potentially dangerous ocean phenomena that
can disrupt off-shore oil dril].ing. Oil dril]ing operations in
deep water can be adversely affected by high ocean currents.
Eddies in the gulf have caused serious c,perationa] problems,
incl.udin~ delays of several weeks, lost and clarnaged  equipment,
and milllons of dollars in unproductive expense. The Gulf of
Mexico has some of the largest edclies ill the world, ranging up t.o
400 kilometers in diameter. TOP13X/POSEIDON  daLa is being used to
identify these eddies and track their mcjvemerlt..

TIJE FUTURE

Scientist-s have determined that 20 year~ of sea level data is
required LO identify and understand the long-ternl signals in t,he



oceans . ‘I’he TOPEX/POSEIDON  mission is plannecl to continue for 3
more years. In order to provide these data LC) the science
community after TOPEX/I?OS131DON, NASA and CNES are planning a
follow--on to this mission. The follc>w-on  will. cllsure
continuation of these unprecedented measurement s well into the
next. century.


